In this paper we study the properties of recurring in-text references in research articles and more specifically their positions in the rhetorical structure of articles and their age with respect to the citing article. We have processed a large scale corpus of about 80,000 papers published by PLOS. We examine the number and types of recurring in-text references, as well as their age according to positions in the IMRaD structure. The results show that the age of recurring references varies considerably in all sections and journals. While they are especially dense in the Introduction section, most of them reappear in the beginning of the Results and the Discussion section. We also observe that the beginning of the Methods and the Results sections share a significant number of recurring references.
INTRODUCTION
In a scientific paper, the same work can be cited several times. To study this phenomenon of recurring references it is necessary to access and analyse the full text of papers and not only the bibliographic data. This study aims to uncover some of the complexities of the relation between cited papers and citing papers by examining the age of recurring in-text references.
In recent years, the efforts in the field of bibliometrics turn to the content of scientific articles. The study citation contexts takes on a new dimension by using approaches from Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. the field of Natural Language Processing and taking into account the full text of scientific papers. From a bibliometric point of view, the structure of scientific papers is of particular interest and especially the study of citation contexts. Indeed, the full text analysis citation contexts can establish a link between the in-text references and the elements of the bibliography with the promise of bringing modality or semantic categories allowing to fine-tune the bibliometric studies.
Background
The access to the full text of scientific papers has made possible a great number of works. The works around in-text references are of particular interest in the field of Bibliometrics. Two type of studies have been developed in this domain. The first one is interested in the phenomenons of distribution of in-text references in the articles mostly in the IMRaD structure [2, 3, 5] , and the second one is interested in particular with the study of citation contexts. For example, we can cite the analysis of verbal forms present in the context of citations (see [1] ). A third dimension that remains to be examined is the phenomenon of recurring in-text references.
The major objective of these works is to provide the experimental grounds to lay the foundations of a theory of citation [4] .
Research Problem
We consider recurring in-text references, i.e. works that are cited more than once in the same article. Such references are interesting from bibliometric point of view because we can suppose that references that are cited several times are more important that references cited only once.
The problem of the development of indicators around recurring in-text references has already been raised by Moed. His reflection starts from the works of Pinski and Narin (see [10] ) who has developed the idea that citations could have different weights. Moed emphasizes in his book (see [9, p. 311] ) that:
"a recurrent citation measure would not a priori count a citation as 'one', but rather assign a weight to the citation, based on the number of times the citing document was itself cited. [. . . ] The potentialities and limitations of recurrent citation impact indicators need to be thoroughly assessed."
Regarding the studies on the recurrence of In-Text References, there exist few results as far as we know [7] . The recurring in-text references may be considered, as described in Zhao and Strotmann [12] :
"as a large sub-class of the class of in-text frequency weighted citation analysis schemes."
According to recent works around citation analysis, identifying recurring in-text references plays a role in the categorization of citations. In fact, recurring in-text references can be considered as a subclass of in-text references, and this approach can have implications for co-citation networks [6, 11] and information retrieval. Moreover, finding the reason for the presence of recurring references to a work in the different rhetorical sections of a paper is an important step in the understanding the construction of scientific discourse.
METHOD
The objective of our study is to determine the locations where recurring in-text references appear in the rhetorical structure of scientific articles. We examine the IMRaD structure (Introduction -Methods -Results -Discussion) which is widely used in experimental sciences. We want to identify the positions in the IMRaD structure where sentences recurring in-text references are most likely to appear.
Dataset
We have analysed a dataset of seven peer-reviewed academic journals published in Open Access by the Public Library of Science (PLOS). Six of the journals are domainspecific (PLOS Biology, PLOS Computational Biology, PLOS Genetics, PLOS Medicine, PLOS Neglected Tropical Diseases) and the 7th is PLOS ONE, which is a general journal that covers all fields of science and social sciences. We have processed the entire dataset of about 80,000 research articles in full text published up to September 2013.
The dataset is in the XML JATS format, where the body of the articles consists of sections and paragraphs that are identified as distinct XML elements. The in-text references are also, for the most part, present as XML elements and linked to the corresponding elements in the bibliography of the article.
Processing
After parsing the documents, we identified all in-text references and their corresponding bibliography items. This process involved three different steps:
1. identification of all xref elements in the XML documents that represent in-text references;
2. full-text processing of the articles in order to identify any in-text references that were missed by the first step. In fact, a few of the in-text references in the PLOS corpus are not present as XML elements but exist in the text of the articles;
3. identification of in-text reference ranges (e.g. ' [4] - [7] ' ), that are always rendered by 2 xref elements in the XML structure. We identified the 'implicit' citations and established the missing links with the corresponding bibliography items.
The IMRaD structure is used in the great majority of articles in the corpus. However, the four different sections, while present in an article, do not always appear in the same order. We performed an analysis of the section titles in order to classify them according to the four main section types. Thus, we were able to identify the exact position of each in-text reference within the IMRaD structure: the section in which the reference appears and its position in the section, expressed as a percentage of the text progression of the section. In the calculation of the positions of references we consider sentences as the basic unit to model text progression. This approach has already been used by Bertin et al. [3] who examine the overall distribution of references along the text progression.
To each recurring in-text reference we attribute a twoletter code (e.g. "IM", "RR", "MD") which stands for the two sections where the reference appears in the paper. If the reference has more than 2 occurrences, we attribute to it one two-letter combination for each of the couples of sections where it appears. We note with Rn the number of recurring in-text references that have n occurrences in an article, where n = 2, 3, 4, ...
To examine the temporal properties of in-text references, and in particular their age with respect to the citing paper, we calculate the difference between the publication year of the citing paper and the cited paper. We obtain as a result a non-negative number that we call age of the in-text reference. This characteristic allows us to study the question whether recurring in-text references cite works that are recent or not, and whether there are differences in this respect between the sections in the IMRaD structure.
RESULTS

Number and Types of Recurring In-text References
If we consider the number of times that each reference appears in a article, we observe that references with 2 occurrences are the most numerous. While this result is not surprising in itself, the analysis of this phenomenon for the 7 journals in the corpus has allowed us to observe the following tendency: the ratio between the number of references with 2 occurrences (R2) and those with 3 occurrences (R3) is almost the same in all the 7 journals: R2/R3 ≈ 2.8 with an error of less than 0.15. The same goes for R3/R4 ≈ 2.2, which is true with an error of less than 0.2, etc. The curves that we obtain are of the same nature as that described by Zipf [13] .
Overall, we observe that Rn/Rn+1 ≈ cn with an error of less than 0.2 where cn is a constant for n = 2, 3, ..., 9. Figure 1 presents the average number of recurring in-text references per article in the seven PLOS journals. The intensity of the color expresses the number of occurrences of the in-text references, from 2 to 9. References to more than 9 occurrences were not considered, as they account for less than 1% of all in-text references in the corpus. This figure shows some significant differences between the journals, e.g. the journals PLOS Pathogens, PLOS Genetics and PLOS Computational Biology tend to use much more recurring citations that the four other journals.
Age of In-text References
Considering the age of in-text references, our objective is to identify some new properties of the IMRaD structure. The main question is whether the different sections in an article display some specific behavior with respect to the age of recurring in-text references that appear in them. Figure 2 presents the age of recurring in-text references for each couple of sections of the IMRaD structure. The vertical axis gives the age of the in-text references. The first 4 columns ("II", "MM", "RR" and "DD") account for recurring in-text references that occur in the same section. The rest of the columns show the recurring in-text references that occurs in two different sections.
These results show that the age of the references varies considerably in all sections and journals. While there is no specific trend that can be observed, certain sections stand out in some of the journals. For example, the column "RR" for PLOS Medicine and PLOS Negl. Trop. Diseases show a clear tendency to cite older works in the Results section in these two journals. We also note that in the 5 other journals, the "II" column seems to have more dispersion, which is consistent with the idea that the Introduction section often contains a state of the art and therefore more various references than the rest of the sections.
Distribution of Recurring In-text References
The figure 3 shows a visualization of the recurring intext references in the PLOS Biology Journal. This visualization was obtained by using the CIRCOS application [8] . The circle represents the text progression along the IMRaD structure and the histogram in grey represent the density of in-text references in the text (single or recurring in-text references). The four sections are of different sizes that correspond to their average relative size as observed in the corpus. We have represented in red, outside the histogram, the recurring in-text references that occur in the same section, and in blue the recurring in-text references that occur in different sections. Each recurring in-text reference is given by a link between two positions in the circle that correspond to its positions in the text progression of the article.
This representation shows several new phenomena:
• The recurring in-text references are very dense in the Introduction section, and most of them reappear in the beginning of Results and the beginning of the Discussion section.
• The beginning of the Methods and the beginning of the Results sections share a significant number of recurring in-text references. The same goes for the beginning of the Results and Discussion sections. • Considering the recurring in-text references that occurs only in the Methods and only in the Results sections, they are more numerous in the beginning of these sections than in the end.
The representation of scientific articles in a circular form seems particularly appropriate for this kind of study because the Introduction and the Discussion sections are next to each other. As we see on figure 3 , the Discussion section is strongly related to the Introduction section by a large number of common in-text references that appear all along the Introduction and especially in the beginning of the Discussion section.
CONCLUSION
This study confirms some preliminary results proposed by [7] who examined 350 papers from Journal of Infometrics. The behavior of the distribution of the occurrences of in-text references is confirmed by our study which is performed on a large-scale corpus of 80,000 papers. This allows us to highlight a singular phenomenon that is the number variation of the recurring in-text references according to the number of This study also shows the relationship between the number of occurrences of in-text references and their age in the different journals with respect to the positions in the IMRaD structure.
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